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Abstract 
 
Regional options for geological storage of large industrial CO2 emissions produced in Estonia 
were analysed in the research ordered by the national company Eesti Energia. The CO2 emissions 
produced in Estonia are the highest in the Baltic Region and among the highest per capita in Europe 
due to the use of local oil shale for energy production. The export of energy to Finland, Latvia and 
Lithuania nearly doubled the production of energy and CO2 emissions in 2009 compared to 2005. 
The research covers the Baltic and Nordic countries, Poland, north-western and central Russia and 
is based on the results of the GESTCO and EU GeoCapacity projects funded by EU FP5 and FP6. 
The onshore option for CO2 geological storage nearest to Estonia is available in Cambrian 
sandstones of Latvian anticline structures and in not yet estimated Cambrian aquifers in western 
Russia. Norwegian North Sea aquifers and hydrocarbon fields have the highest potential in the 
Nordic Region. Western Russia has high potential for enhanced oil and gas recovery. The offshore 
options in Norway and NW Russia are the farthest from the largest Estonian CO2 source. The 
potential for CO2 geological storage in Estonia, Lithuania and Finland is close to zero, but various 
promising possibilities for CO2 mineral carbonation are available. 
 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
 
The inventory and mapping of large industrial CO2 sources and geological storage sites were started in Estonia in 
2006 in the frame of the EU GeoCapacity and CO2NetEast projects supported by EU FP6 [1]. The industrial CO2 
emissions of Estonia are the largest in the Baltic Region and among the largest per capita in Europe and in the world. 
The high CO2 emissions and the lowest in Europe energy price in Estonia are explained by the highest in the world use 
of local oil shale (13–15 million tonnes (Mt) per year) for energy and shale oil production. As Estonia is located in the 
northern, shallow part of the Baltic sedimentary basin, including potable water, its CO2 geological storage capacity has 
been estimated as zero [2, 3]. At the same time, the high CO2 emissions of the two largest Estonian power plants (15.3 
and 3.2 Mt in 2009), near the town Narva, have forced the national energy company Eesti Energia to look for CO2 
storage sites in the neighbouring regions. This article is based on the research “CO2 geological storage in Estonia and 
c⃝ 2011 Published by Elsevier Ltd.
Energy Procedia 4 (2 11) 2785–2792
ww .elsevier.com/locate/procedia
doi:10.1016/j.egypro.2011.02.182
Open access under CC BY-NC-ND license.
2 Author name / Energy Procedia 00 (2010) 000–000 
neighbouring regions: analysis of options and storage recommendations” compiled by the Institute of Geology at 
Tallinn University of Technology for the Eesti Energia company in 2009.  
2. Geological Framework 
The countries targeted in 
this research are situated on the 
East European Craton (EEC) 
and at/near its southern and 
western borders (Denmark, 
Poland and Norway). Within the 
EEC, the Precambrian 
crystalline crust is exposed in 
the Baltic (also Fennoscandian) 
and Ukrainian shields and in 
minor areas of Belarus and the 
Voronezh Massif of SW Russia. 
Elsewhere, the craton is covered 
by the Late Proterozoic and 
Phanerozoic sedimentary 
deposits of the Russian Platform 
(Fig. 1) [4]. The Ural Mountains 
of central Russia form the 
eastern margin of the EEC and 
mark the Late Palaeozoic 
orogenic collision of the EEC 
with the Siberian cratons. The 
southern margin of the craton is 
where Sarmatia is buried 
beneath thick Phanerozoic 
sediments and the Alpine 
orogens. The south-western 
boundary of the EEC is known 
as the Trans–European Suture 
Zone (Fennoscandian Border– 
Danish–Polish Margin Province 
in Fig.1) and separates the EEC 
from the Phanerozoic orogens of 
western Europe. The north– 
western margin of the craton is 
overlain by the fold–and–thrust 
Early Palaeozoic Caledonian 
orogen. 
The thickness of the cover of the Russian Platform mostly ranges between some tens of metres and 2 km, locally 
reaching up to 3–5 km and even exceeding 15 km in the Ukraine and south-western Russia. The covered part of the 
EEC comprises several large basins of sedimentation, e.g. Moscow, Baltic and Peri–Caspian basins. Maxima of basin 
formation and filling occurred during the Riphean (Meso- to Neoproterozoic), Early Vendian (Ediacaran), late 
Cambrian–Ordovician, Middle to late Devonian, Carboniferous–Permian transition and Triassic. Large rifts and 
aulacogens divide the EEC into three parts: Fennoscandia, Sarmatia and Volgo-Uralia [4]. 
 
3. Data and Methods 
 
This research is based on the results of the GESTCO (EU FP5) and EU GeoCapacity (EU FP6) projects [1, 6], a 
report on CO2 storage capacity in Sweden and Denmark [7], and also includes an overview of storage options in the 
adjacent to Estonia regions of Russia. The research covers the Baltic Region and Poland, the Nordic Region (Finland, 
Sweden, Denmark and Norway), and north-western and central Russia, including the Kaliningrad Region. The CO2 
geological storage capacity of Russia has not been studied earlier. The capacity of enhanced oil recovery (EOR) and 
enhanced gas recovery (EGR) in Russia has been roughly estimated using known volumes of recovered oil and gas and 
potential reserves of the oil and gas deposits [8, 9]. In order to estimate real prospects for CO2 storage, the capacity of 
large prospective structures should be compared with large CO2 emissions of the country. Only structures suitable for 
Figure 1   Geological map of the studied area with borders of oil and gas geological 
provinces according to [5]. Modified after Eric Gaba, Wikimedia Commons (2010). 
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the storage of emissions of at least 20–30 years from the industrial source (its life period) could be a subject of the 
storage permit [10]. The storage potential of the above mentioned countries in saline aquifers, hydrocarbon and coal 
fields were considered in our study. Only conservative estimates calculated by common formulas and presented in the 
public EU GeoCapacity report on storage capacity were used [1]. The value of national storage capacity divided to the 
amount of annual large industrial emissions (>100 000 Mt of CO2 per one industrial source) shows the number of years 
of the national storage potential in the country. The distance from the largest Estonian power plants, located near the 
town of Narva, to the storage sites was estimated as direct and real distances. Direct distances were measured using 
Google Earth maps and real distances were measured via natural gas pipeline routes onshore, and by using possible ship 
routes offshore. 
4. Methods for CO2 Storage Capacity Estimation 
Capacity estimation in aquifers. The storage capacity of the structural trap in the GeoCapacity database was estimated 
by the formula [1, 12] 
                                                        MCO2t = A × h × NG ×  × CO2r × Seff ,                                                       (1) 
 
where MCO2t is storage capacity (kg), A is the area of an aquifer in the trap (m2), h is the average thickness of the aquifer 
in the trap, NG is the average net to gross ratio of the aquifer in the trap,   is the average porosity of the aquifer in the 
trap, CO2r is the in situ CO2 density in reservoir conditions, Seff is the storage efficiency factor (for trap volume). The 
area of the structures was determined on the basis of contour maps of stratigraphic horizons near or at the top of the 
reservoir formation. The thickness, net to gross ratio and porosity were evaluated using data from exploration wells. 
The CO2 density varies with depth as a function of pressure and temperature. The aquifer systems surrounding and 
connected to the reservoir formations in the individual traps were assumed to be open (unconfined) aquifers. The 
storage efficiency factor of 40% was taken to correspond to open high quality reservoirs (Latvia, Denmark and Norway) 
and 20% for Poland. A more conservative estimate by comparison with the estimates in the EU GeoCapacity project 
database has been calculated in [1]. The conservative estimates have been calculated assuming that the aquifer systems 
surrounding and connected to the reservoir formations in the trap structures are closed (confined) aquifers. The storage 
efficiency factor for calculation of the conservative estimate ranges between 5% and 10% which is 7 times less than 
optimistic estimates for Denmark and Norway [1]. 
Capacity estimation in hydrocarbon fields. The CO2 storage capacity in the GeoCapacity database has been 
calculated using the formula  [1]                                                       
                                                       MCO2h = CO2r × URp × B,                                                                              (2) 
 
where MCO2h is hydrocarbon field storage capacity, CO2r is CO2 density in reservoir conditions, URp is proven ultimate 
recoverable oil or gas, B is oil or gas formation volume factor, URp is the sum of the cumulative production and the 
proven reserves (the sum of produced volumes and the low estimate for residual reserves for each field). The formation 
volume factor for oil varies regionally depending on the oil type. A fixed formation volume factor of 1.2 has been used 
for the oil replacement (Denmark and Norway). The formation volume factor used for gas varies with depth as a 
function of pressure and temperature.  The optimistic storage capacity of the hydrocarbon fields has been estimated in 
the GeoCapacity database assuming a 1:1 volumetric replacement ratio between hydrocarbons and CO2. A more 
conservative estimate has been calculated in [1]. The conservative estimates (used also in this research) have been 
calculated assuming that only 25% of the produced hydrocarbons can be replaced by CO2. 
5. Regional CO2 Storage Capacity  
Baltic Region  
The Baltic countries are situated in the eastern part of the Baltic sedimentary basin that overlies the western 
periphery of the East European Craton. The basin contains the Ediacaran (Upper Vendian) and all of the Phanerozoic 
systems. The thickness of the sediments is less than 100 m in northern Estonia, increasing to 1900 m in south-western 
Latvia and 2300 m in western Lithuania. Cambrian sandstones are the most prospective reservoir rocks for gas storage 
in the Baltic Region. The depth (>800 m) of the sandstones siuitable for CO2 storage has been recorded in the Baltic 
Depression (Fig. 1). The geological conditions most favourable for CO2 storage are in central and western Latvia, where 
occur at least 16 anticline structures with the estimated conservative capacity of 404 Mt of CO2 (Fig. 2). The depth of 
the top of Middle Cambrian Deimena Formation is 7501100 m, the thickness of sandstones is 3070 m, their average 
porosity 2022% and permeability >200300 mD. The area of the structures is in the range of 1895 km2, and their 
conservative capacity is 274 Mt of CO2. The salinity of Cambrian water is up to 120 g/l. Most of the structures are 
determined by seismic data and penetrated by several boreholes [1, 2, 3, 11]. Considering that 2 Mt of CO2 emissions 
were produced by large sources in Latvia in 2005, the capacity of 16 reported structures could support storage of 
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national emissions of 200 years. The estimated CO2 storage capacity of 116 local structures of Lithuania is too small 
and therefore not suitable for gas storage. Just two structures have the CO2 storage capacity over 1 Mt (respectively, 8 
and 21 Mt). Therefore, the storage potential of Lithuania in aquifers is negligible, practically zero [1, 2].  
Poland
Poland is situated in the EEC, the Central European Variscan Belt and the Alps (Carpathian Belt), providing 
different options for CO2 storage. The best storage conditions are found in the Polish Lowlands, where Lower 
Cretaceous, Lower Jurassic and Lower Triassic sedimentary rocks have great thickness and good reservoir properties. 
Numerous tectonic structures, anticlines (mainly salt tectonics) and grabens, occur within the Mesozoic aquifers (K1, 
J1, T1) of the Polish Lowlands. Among structures suitable for CO2 storage 18 prospective local uplifts were estimated: 
7 structures in the Lower Cretaceous, 7 in the the Lower Jurassic and 4 in the Triassic (Fig.2). The capacity of 
individual structures varies from 64 Mt to 575 Mt of CO2. The total storage capacity amounts to 3 522.2 Mt of CO2, 
allows storing Poland's emissions of 11 years (referring to the emission level of 188 Mt of CO2 in 2004) [1, 11, 13]. 
Hydrocarbon fields in Poland are located in the 
SE (Carpathians and Carpathian foredeep) and western 
parts of the country. In the SE part there exist twelve 
moderate depleted/depleting gas and two small oil 
fields. The western part contains 13 gas fields mostly 
of Rotliegend or Zechstein reservoirs and two oil fields 
– one depleted and one developed recently but 
relatively big. One depleting offshore oil field (B3  
Polish economic zone of the Baltic Sea) is of Cambrian 
age. The total storage capacity in hydrocarbon fields is 
765.3 Mt (assuming 1:1 volumetric ratio  
hydrocarbons replaced by CO2 within the reservoir). 
Regarding storage in coal field, the only coal basin 
considered is the Silesian Coal Basin of Carboniferous 
age. Storage capacities of 27 individual fields with 
capacity 0.346.1 Mt (located mostly in southern half 
of the basin) and for the whole range of the coal basin 
is 414.6 Mt. A regional storage capacity for the coal 
basin at a depth range of 1–2 km, where the methane 
content is known, is 1254 Mt) [1, 11, 13].  
Denmark 
The geology of the major part of the Danish area 
is dominated by the large Norwegian–Danish Basin, 
while the most southern parts are influenced by the 
North German Basin. The two basins are separated by 
the Ringkøbing–Fyn High. The Danish Basin (eastern 
part of the Norwegian–Danish Basin) was formed by 
rifting in the Late Carboniferous to Early Permian (Fig. 
1). The basin is bounded to the north-east by the 
Fennoscandian Border Zone and to the south by the 
Ringkøbing–Fyn High. The Danish Basin is 
characterised by an up to 9 km thick succession of 
sedimentary rocks of Late Palaeozoic to Cenozoic age. 
The sedimentary succession is affected by mainly 
northwest–southeast striking normal faults. Locally 
the succession is deeply truncated and faults often 
accompany the salt structures. A several kilometres 
thick Triassic succession of sandstone, mudstone, 
limestone and salt deposits succeeded the Zechstein 
salt. During the Early Jurassic deposition of marine 
sandstones took place at the northern and eastern rim of the Danish Basin, and marine mudstones were deposited in the 
central part of the basin. The basin was uplifted and eroded during the Middle Jurassic epoch, while deposition of 
sandstones still proceeded in the Sorgenfrei–Tornquist Zone at a slow rate [11].  
The assessment of CO2 storage capacity in deep saline aquifers in Denmark as part of the GESTCO project [6] is 
based on evaluation of 11 individual structural traps (Fig. 2). In the GeoCapacity project this assessment has been 
updated with only minor changes. The aquifer systems surrounding and connected to the reservoir formations in  
individual traps are assumed to be open (unconfined) aquifers. The depth of the top of Early Jurassic–Lower Triassic 
reservoir sandstones of the Gassum, Bunter and Skagerrak formations in 11 structures is 10001900 m, permeability is 
Figure 3  Aquifer injection points (boreholes penetrated prospective 
structures) in the region (Latvia, Poland, Norway, Denmark and 
Sweden) updated after the EU GeoCapacity project WEB GIS. The 
Eesti Power Plant is marked by a blue star. Possible storage directions 
are shown by dashed lines. 
Figure 2  Aquifer injection points (boreholes penetrated 
prospective structures) in the region (Latvia, Poland, Norway, 
Denmark and Sweden) updated after the EU GeoCapacity 
project WEB GIS. The Eesti Power Plant is marked by a blue 
star. Possible storage directions are shown by dashed lines. 
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75–1000 mD, porosity 10–25%, thickness of sandstones 100–760 m and capacity of structures is in the range of 51–
11000 Mt of CO2. A total effective storage capacity of the 11 structural traps is 16 672 Mt CO2 in the GeoCapacity GIS 
database. This number was divided by 7 and the final GeoCapacity Public report gives the value of 2756 Mt of CO2, 
which is enough for 98 years of national storage of CO2 emissions (using 28 Mt of large annual emissions in Denmark 
in 2005) [1, 11].  
Sweden
Sweden's potential for CO2 storage of is estimated by Geological Survey of Sweden [7]. Suitable aquifers are 
present in the southern Baltic, SW Skåne and southern Kattegat (all southern Sweden). Fifteen small structures (5–25 
km2) with capacity of 3.8–37 Mt of CO2 and one big structure (280 km2) with the capacity more than 100 Mt of CO2 in 
the southern Baltic were estimated as prospective in Cambrian sandstones with an average porosity of 15.7% and 
permeability 220 mD, thickness of reservoir sandstones 20–80 m and depth 0.81.2 km. The total area of the Cambrian 
aquifer with the depth >800 m and average thickness of 50 m is 13 500 km2. Arnager Greensand (Lower Cretaceous-
Jurassic, depth 1.2.4 km), Höganas Formation (Jurassic, depth 1.4–1.8 km) and Bunter Sandstone (Lower Triassic, 
depth 2–2.4 km) in Southern Scåne, with an average rock porosity of 20–35% and permeability 100–400 mD, have total 
potential up to 21 500 Mt CO2 in open large aquifers (areas 6900, 2900 and 850 km2 respectively). One large structure 
(25–50 km2, depth 1–2 km) interpreted by seismic studies occurs in the Skagerrak Formation (Triassic) in the southern 
Kattegat adjacent to Danish waters with an average porosity 25% and possible capacity of 80–150 of Mt CO2. The 
estimate of the storage capacity of all aquifers is based on the storage efficiency factor of 40% for open aquifers and 
structures. Great uncertainty of capacity estimates and requirements for additional geophysical and geological 
investigations are reported in [6]. In our study the total conservative capacity of open aquifers and the structures was 
obtained by dividing total numbers by 7. The obtained capacity is enough for storage of large national emissions during 
200 years (Table 1). Aquifer injection points of Sweden located in the Baltic Sea are added to the map (Fig. 2). 
Finland
The territory of Finland located on the Baltic Shield is not covered by sedimentary rocks (Fig. 1). Consequently its 
potential for CO2 geological storage is estimated as zero [14]. 
Norway 
The CO2 geological storage potential of Norway 
was estimated by NGU [15], in the GESTCO project 
[6], and was recalculated for conservative estimates in 
the EU GeoCapacity project [1]. Norway's potential is 
connected with the North Sea Basin. The high 
potential of the southern part of the offshore zone in 
the North Sea is associated with the Sleipner field and 
Utsira Formation located in the Norwegian Basin 
(Figs. 1, 2, 3). The Utsira Formation accounted for 
about 6 Gt of storage potential.  
The total capacity of Norwegian aquifers, oil and 
gas fields for EOR is published in the final report of 
the GESTCO project [6]. The inventory covers 
aquifers (geological formation or groups) in Norway 
(south of 67 degrees north, 0.8–4 km depth below sea 
level, 0.8–3 km depth below sea level for Ekofisk, Tor 
and Hod formations) with CO2 storage potential. The 
estimate of the storage capacity of all aquifers is based 
on the storage efficiency (sweep efficiency) of 6% for 
open aquifers and 2% for closed aquifers. These 
numbers are not based on real observations. They 
account for 181 771 Mt of storage capacity in open 
and closed aquifers. This value was modified 
according to the method described above and gave 
conservative estimate of 26 031 Mt in aquifers (Table 
1), [1]. A total of 96 oil and gas fields offshore 
Norway was included in the GESTCO project 
database. Deposits of Jurassic, Triassic, Tertiary and 
Cretaceous age located offshore Norway in the North 
Sea (Fig. 3) have the capacity of 12 609 Mt, 
assuming a 1:1 volumetric replacement ratio between 
hydrocarbons and CO2. The conservative estimate of 3157 Mt for Norway has been calculated assuming that only 25% 
of the produced hydrocarbons can be replaced by CO2 (Table 1). 
Figure 3   Hydrocarbon fields in the Nordic Region and NW 
Russia, updated after EU GeoCapacity project WEB GIS [1]. 
The Eesti Power Plant is marked by a blue star. Possible storage 
directions are shown by dashed lines. 
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Russia  
The geological structure of the European part of Russia is determined by its location on the EEC. The Leningrad, 
Pskov and Novgorod regions, neighbouring Estonia, are in the north-western part of the Moscow Syneclise/Basin (Fig. 
1). The most prospective aquifer for CO2 storage nearest to Estonia is Middle Cambrian sandstones of the Tiskre 
Formation. They usually lie on Cambrian claystones and are covered by Lower Ordovician carbonate clayey rocks. The 
depth of the Cambrian sandstones changes from outcrops of Lake Ladoga and the Gulf of Finland up to 800 m in the 
south-eastern direction (Krestcy Region). The thickness of the Middle Cambrian loosely cemented quartz sandstones is 
40–140 m and depth of the top of the sandstones is 803–1225.5 m increasing from Krestcy to Pestovo boreholes. Rare 
clay interlayers are very thin (several centimetres). A number of anticlinal structures are known in the Leningrad (St. 
Petersburg) Region, but the depth of the Cambrian aquifer is too shallow for CO2 storage. The area with the depth of the 
Cambrian aquifer >800 m occurs only in the south-east of the Novgorod Region in the limits of the Moscow Syneclise, 
at a distance of more than 200 km from the Eesti Power Plant. 
Russian Federation is 
extremely rich in oil and gas 
deposits, accounting for 13% 
of the world oil reserves and 
more than 30% of world gas 
reserves. The north-central 
European part of Russia 
includes hydrocarbon fields 
in the Volgo-Ural and Timan-
Pechora oil-gas provinces, 
Kaliningrad Region and 
offshore regions, including 
the Barents Sea, Chukotka 
Sea and Baltic Sea (Fig. 4). 
The north-western region has 
10% of all Russian oil and 
gas reserves. As many as 210 
hydrocarbon deposits are 
found onshore in the Timan-
Pechora oil-gas province. All 
together nearly 100 deposits 
are in exploitation in the NW 
region. About 50% of 
hydrocarbon fields of NW 
Russia have already been 
depleted and could be of great 
interest for the East–European 
countries for enhanced oil and gas recovery (EOR and EGR). Preliminary estimations of the potential of oil and gas 
deposits in NW Russia are published in [8, 9]. 
 
Table 1 Summary of conservative CO2 storage capacity in all reported countries updated after [1]. 
 
 Annual CO2 emissions (Mt) CO2 storage capacity (Mt) Years
Country Total Large point 
sources 
Deep saline 
aquifers 
Oil and gas 
fields
Coal
fields
Total Total
Estonia 21 12 0 0 0 0 0 
Latvia 4 2 404 0 0 404 202 
Lithuania 18 6 30 7 0 37 /0 6/0 
Poland 325 188 1 761 764 415 2 940 15.6 
Denmark 52 28 2 553 203 0 2 756 98 
Norway No data 28 25 967 3157 0 29 188 1 042 
Sweden No data 15 1500–3000 0 0 1500–3000 100–200 
Finland 69.3 28.7 0 0 0 0 0 
NW Russia No data No data No data 5 675 No data 5 675 No data 
Total for the region  307.7 32 515 4 131 415 36 788 106 
I
V
II
Narva
Figure 4   Oil and gas regions of NW (I), central (II) and W (V) onshore Russia with 
contours showing depth of the crystalline basement (modified after [16]). Eesti Power 
Plant is marked by blue star. Possible storage directions are shown by dashed lines. 
2790 A. Shogenova et al. / Energy Procedia 4 (2011) 2785–2792
 Author name / Energy Procedia 00 (2010) 000–000 7
6. Mineral Carbonation 
Fixation of CO2 in the form of inorganic carbonates, also known as mineral carbonation, is a potential option for 
CO2 storage. Carbonation of alkaline minerals mimics the natural rock weathering and involves the permanent storage 
of CO2 as the thermodynamically stable form of calcium and magnesium carbonates. Unlike other CO2 sequestration 
routes, it provides a leakage-free long-term sequestration option, without a need for post-storage surveillance and 
monitoring once CO2 has been fixed. In Estonia, the oil shale ashes formed in the industrial-scale pulverized firing and 
circulating fluidized bed combustion boilers have been studied as sorbents for binding CO2 from flue gases in mineral 
carbonation processes. As a result, the concept of CO2 mineral sequestration in oil shale wastes from Estonian power 
production has been worked out and the main parameters of direct or indirect aqueous carbonation of ash with flue 
gases and of natural weathering have been elaborated [17, 18, 19]. An additional advantage of this approach is the 
neutralisation of the alkalinity of ash offering a possibility for environmentally sound landfilling of waste residue. It has 
been estimated that 1012% of large CO2 emissions produced by Estonian power sector (>2 Mt of CO2 in 2009) can be 
bound by oil shale ash and waste water including 0.1-0.3 Mt in natural conditions [17, 19, 3]. 
As the saline aquifers of Lithuania have been found unsuitable for CO2 storage, alternatives to in situ CO2 trapping 
are being sought [20, 21]. Several natural minerals (serpentinite, glauconite, opoka) have been studied as potential 
sorbents for CO2 mineral sequestration. A large serpentinite province was discovered in the Palaeoproterozoic 
crystalline basement of south Lithuania. The estimated volume of serpentinites of the largest Varena Iron Ore Deposit is 
1–2 Gt. Serpentinites are located at a distance of about 50–150 km from the south-eastern cluster of CO2 emission 
sources in Lithuania. The sequestration potential is evaluated to be in the range of 0.5–1 Gt [20], which could be enough 
for carbonation of CO2 produced by the south-eastern large Lithuanian sources during 200–500 years [3]. 
Finland has large reserves of natural magnesium silicates, often available as tailings from mineral or metal 
processing industries [14]. Serpentinites have been studied as potential CO2 sorbents considering mainly indirect 
gas/solid mineral carbonation [22]. The main focus has been upon improving the kinetics and energy efficiency of 
large-scale mineral carbonation [23]. Dissolution of steelmaking slags in acetic acid for precipitated calcium carbonate 
production has also been investigated. Carbonation of slag could provide a way to reduce CO2 emissions from iron and 
steel industries, utilising the waste slag and producing a commercial product [24]. The magnesium silicate deposits in 
Eastern Finland alone could be sufficient for storing 10 Mt of CO2 emissions each year during a period of 200–300 
years. About 9% of the CO2 from Finnish steel plants, or one per cent of Finland's annual anthropogenic CO2 emissions 
could be carbonated using Finnish steelmaking slags [25]. 
Also very good prospects for mineral carbonation with magnesium silicates and steel–making slags have Sweden, 
Norway and NW Russia located at the Baltic/Fennoscandian Shield. Altogether 168 major metallogenic areas, including 
1300 mines and deposits, occur in Finland, Norway, Sweden and Russia (according to Fennoscandian Ore Deposits 
Database). Part of these resources is prospective for CO2 mineral carbonation. 
7. Conclusions 
Among reviewed countries Estonia, Finland and Lithuania have zero, or negligible CO2 storage potential at the 
present state of technological, economical and legislative development. All three countries have potential for CO2 
carbonation, which is still an immature technology.  The possible CO2 storage sites closest to the largest Estonian power 
plants are saline aquifers located in Latvia (300–500 km direct and 600–900 km real distance by pipelines) and in 
Russia (>200 km direct and >400 km distance by pipelines). The potential of Latvian saline aquifers is enough for about 
200 years of storage of Latvian CO2 emissions. Only the largest of the 16 prospective Latvian structures (2–74 Mt CO2) 
could be considered for storage, while the potential of Russian saline aquifers has not yet been estimated. Norway has 
the highest potential in the Nordic Region with a direct distance to the storage sites (including saline aquifers and 
hydrocarbon fields) of about 12001900 km and real distance by ship about 2300–3000 km. The direct distance to the 
Russian hydrocarbon fields is more than 1500 km and by ship about 5000 km. The distance to potential storage sites in 
Denmark is compatible with that to Norwegian sites, but conservative potential for storage of the national industrial 
CO2 emissions is about ten times lower than in Norway. The most part of the reported storage potential of Sweden is in 
the open aquifers in the southern Baltic Sea, while it is much lower in the structures which should be studied 
additionally.  
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